e3et$@5 Tt\f '2 6 AUG 2002 A METHOD OF TEXTURI NG THE SURFA é]: ﬁ@%TTLE
MAT RI AL DESCRI PTION This invention relates generally to the&t xA a
sur f mmm\mmﬂtle material, such as a glass substrate for a nagnetic

dat aﬂmn substrat e, and nore specifically to such nethods which

i rradi at eghda= surface in order to textufe it. Recent magnetic disk drive
desi gns enploy a commonly denom nated Contact Start-Stop (CSS) systemin
whi ch the magnetic head contacts the nmagnetic disk surface when the disk is
stationary. Wen th& MTHOR & BRREFURING THHSERFACE PHha BRERTABMAEERAMAd sl i des al ong
the surface, eventually flying fully lifted fromthe surface because of

| aminar air flow at the disk surfacegscfi@neot h, specul ar recording surface
is preferfred.in the art to permt the magnetic head to ride as closely as
possibletothed ksur ce. Creation xt.ur on_t he

nmetal lic disk sur ace e RS R T ISR oyt cgﬁttg%ge’éf"de"ﬁ °frC§% F'@°tgéd in the
art to over cohBrithtr Byeskad; \Féc‘tdﬁtaa‘é‘?s%t*?béﬁ"éﬁ faha “faﬂ’i‘?ftlf (5’ﬁtadevel oped
during start ugoeavd dsbppiatgetef adf okre ereatiiorily Eheupngmpic vhiehd i s noved to
t he "CSS regi inddiate tihe s@ffpdeOfd bedee tol tReurbyitt he drive controller. The
specul ar snoot hness of the remai nder of the disk surface is retained to

permt high-densi net ata recordi No,,.,pevera u ni ques For
texturing neth di Esz{ F%’e ﬁls‘i‘ Been P m§§ °mm°HIrs¥ ?emminatet%he use of

repetitive | a‘?éF“ﬁuﬁtéétss'ﬂB @F@afés"f*'eﬁ? d’gtﬁ'fl *B‘Fé“aﬁ?ettéc BERLCIETHEF Whirface i s
known for appragesis Ghsk surdpesevherethal digh afmsraidonsnyf dthen the iddel dtartansf er
surfaces and tetabktdatie wtoartdgdead skidesipiamgade sasfack, swssedlx flihe
"Procedure Enphoyinged rdir0tiepsurped baaser dcoramC@ntadipldiably thextaw i ng a di sk
surface", US applcecati on 150525 ( SA9-93-005), filed 10 Novemnrber 1993 by the
-applicant of the present application, and a copy of which is filed

herewi th. Unfortunately, such techniques are not generally useful for
texturing of britfIENInAEERIPY E"(f?f‘élli‘gssﬂbfé‘fer it & %‘%F‘Feﬁc‘é‘st*éeu%‘}‘i ¥ the dass
substrat e knoR@imitnthieneagastic fhepd serridd as diasalvstopagdbldi wktheppiskcat i ons. A
brittle nonmetwakdcec sufatbmeqf espechedd’ reaiogloasthe suueflateyidksswexpect ed to
crack or def ofdn eyressinv@l Yorflbdt 8@ ihd1€ssgid BHANG e ASERN ode@XdnblthB]

t echni ques anéé@s '16'e Tctlﬁa@tréucﬁ)fonnﬁ%aéngl %d&@?@%é Ah8Sfqg s@‘Q:CtQ;E dingl y)

chemi cal thf". of 200, 2 suyrface, E?n)éct;n‘é 1 % 3§ movqluec{ d.Qther patterned
deposition techhi g fies are preferred in {1e Surfaces such as

ferrite or gl %Fé’ém Fir tengParReéatei Hres & tb’af”é‘ﬁf SOBIHRGT 657 afRICY 2162, 073,

M chael |. Ardnefhhest ofgjthe gimpéndes et aths elidde FinfecectrendtefitedetochArnif t echni que
for texturinghighelefdiyy mgastitd aoe okoaimagneti ¢ head. Aronoff et al. teach a
stiction-reduci ng approach that avoids the necessity of texturing a CSS

region on the recegwrmgugafak tb%la,u%s %sa@&amgaeeusuk shttedniQ specific
head surface ,gm;\%rl al s 985 eujciveTPS |nolr| IYDI’I zane et al.

posé&d. 1nstanpe \e u er
di scl ose a nethod tor rranufac £ Ur ng ‘ass for*a recording di sk
that ° - - intiotfesRSaBIEYEiMG® A B%f§g b‘ifé‘f li 5“°é’ﬂefﬁf ¢RPHER AT 1
treat nents t hteepretAldeaehing speisees atigsidoframtfehiswgatret wderrtal ditystal | i zed
mat eri al and awrawodiphcusfaned.esd alscuiskdrih zaneretedke Engagingth@iadse of their
met hod for creabédi@asar t@XiddnedlGhS FegiQng knikheuliase, plsadpp1ichadoni S
reproduced thiRUgh (shosssaquentiddyrdppesi-t adsy seerdibpdismt e @k | ayer. O her

practitioner sphaus sigaeeld Heln, ERenslVe, ehemieal.uapor deposition
(CVD) processgri’sﬁ ened zones on a a}sk surface bef ore

dep05| tion of unate?yet such teglbnlauesgarr 1]0 %enerallg ufﬁ?ul or Lefx L' gerfpul ses is
known in prinfih t'b"“@?té‘a{lé Hahy RS R e plt ga%sme“smefaeés SEos& Bfittl e

mat eri al such*wegr tandstah feardiidér SFoy siomsratice Pligtipat eAt'y 151843, 578 and
5,236, 763, di sehaselia sethed &ercigngraviag sarfser,i 8sepkcteonseocutli ve cell s or
pits in a sol idoslietaceiveUC burdsy the ginditgthet ranstaftusug fragpig@ksa printing
roller. This Lreogmhqm 48 fecemmended. Lo over cme dihg,surfacq hardness of
tile ceramc and netal carbide surfaces normally used I n engraving
applications but the patents neither consider nor suggest soluti ons to t he
particul ar problens of CSS region creation in brittle nonnetal I
surfaces to overcone head stiction. OQthers have considere f| o
probl em of using | aser energy for reducing stiction in C& ng di sks
havi ng gl ass substrates. For instance, in Japanese pate la&@id, Maeta
Hi roshi discloses a technique for texturing the gl ass substra‘te wi t hout
reduci ng surface durability by applying a | aser pulse fromthe back of the
transl ucent substrate to fracture and scatter snmall particles of glass at
the front surface. The | aser pul se induces thermal shock that effectively
breaks up the front surface into fine grains that are then supposedly
partially 11n26 AUG2G~



3 annealed to the front surface, creating a roughened topogra 1 -
for. reducing stiction in the nmagnetic recording filmlayer thgmlm:l“@iﬂ]rg?

added to the front glass substrate surface. Hi roshi doesn't discuss how his
met hod overcones the problens resulting fromuncontrol |l ed surface danage.
In US patents 5,062,021 and 5,108,781, Rajiv Ranjan et al disclose a
process for creating a series of closely-spaced pits in the netallic
surface of a magnetic recording disk to reduce stiction. Ranjan et al teach
t he use of a durfesiel @Apurpugrpedinineodynd otimey pétteoned aepnyil Niourmegaiges (Nd: YAG

| aser to cCreaire priacerined &6 I8¢ VirS 86 BEIR tYeOsiGFHResS SuchHIVBM@ L te or GlwyY. Nei t her
consi der nor suggest the application of their texturing nethod-to gl ass

di sk substrates or her britt non- LLic, su a indeed "t heir
nmet hod i s general IFf/PtI%'ﬁ%\mcet’ ombl;e'gi r?ﬁ?eé'gie%%&%'ng)ra"(gg’?]t%?ﬁ)g%ggghagt gl lic
material s. PrePeifi tndl-sdishlehe sriecgehearatidy Aaeure tesriyel @5er pul ses to
creat e controfexttrinh &by Ebying sprface epagrapitic bfada Brdanpfd et abnteashad i c
surface, expegtiFvignhrailycihg agpreschcibrngvads s hagesitptoértieaturthanmages Thi s
damage, of t enregliord B thd GERTEMPI GsH BYEls aissafahegeeBly Yivabeetyed after | aser
nel ting of any.bidittl.gq R EEhakligs material such as gl ass because of the
rapid nelting and resolidification caused by a short |aser pulse. This
.rapid melting and resolidification usually causes excessjve stress in the
gl ass, which forcé8 %hePairf 451 cratiruhdoprankeupl. dirckeseaser pul ses
are herein safedhedfe papbacsyring g qlhsa basggaeldsio @ rérordimb dhodhkett hr eshol d”
for the brittirelnes-suieieatingCths bniaebktaabahegkal brtieedirebtienabense- cit ed

Hi roshi pat engrot el @3 cQant Ri&stdtedtaRiing PBaGK: B G Oxi1iacd HidepG1ph@nonenon for

the useful ness, aloblli, GhALTES WS4 90 LASEE (LSS LIRLGT S8 B! ow (N s

.threshol d are_gener al to be useless tor altering the topography
of brittle noﬁc’gn%rteaﬂn?ca EFyEass fﬁ&%lt%rlﬂiﬁal o PHEF etL'ftslsdirg%rI"%%cé herein a
met hod of textiPFHg? CHRE e YceeraTite BYPTHI® Mgt Eli Hiretby 9tP?%adi ating t he
surface w th padtidatneendpgysabedepheinglsxpepsiye dherige} grer &nebitivar acteri sed
in that said (@o0) aBéceeftRr @yclitate aoughdhedeenelion AllLRachist eadhéObsfovner ei n

said fluence §Roisil£s8 chhatgkhe (LerH® rSRaGkthreshold for the brittle
material. Such a texturing technique provides the controllability and ot her

advant ages of the Laser-h Xt uri techi gues known in the art For netal
surfaces. It is préféfte %taﬁ%ft p“rs1 15T & Ant PEHEFY) "CRSrT S8Y &Bul se of
| aser energy BESSHaviRgSUiargraft f GRitthe AHAT R FYELES SUNE POt caTBiAeng FAY maxi mum
di aneteral di trstgicen UDp whtenai b, 1Ep 579 awhél. 2Bp 768 edisel e taene thed Femi t sai d
fluence fP toemyrasahya belowesabdeterentdllshopkest it esdadldsurface such

as the liquid transfer surface of a printing roller. This technique is

recommended to overcome the surface hardness of the ceramic and metal

carbide surfaces normally used in engraving applications but the patents

neither consider nor suggest solutions to the particular problems of CSS

region creation in brittle nonmetallic disk surfaces to overcome head

stiction.

Others have considered the specific problem of using laser energy
for reducing stiction in data recording disks having glass substrates.
For instance, in Japanese patent 4-311814, Maeta Hiroshi discloses a
technique for texturing the glass substrate without reducing surface
durability by applying a laser pulse from the back of the translucent
substrate to fracture and scatter small particles of glass at the front
surface. The laser pulse induces thermal shock that effectively breaks

up the front surface into fine grains that are then supposedly partially



2 6 AU G 2002 4 whereby a bunp is formed in said each target area, and said
pul se duration tp is in the interval [10'9, 10'i] seconds andZS@ AU@\)@Uﬂﬁm
spot dianetral dinmension Dp is in the interval [ 1, 500] mcroneters. It is
further preferred that said bunp rises to a maxi num hei ght ha above said
brittle surface, said maxi mum bunp height ha being in the interval [-1,
1000] nanoneters, and each bunp has a maxi num di anetral dinmension Da (< DP)
and each location is separated fromthe nearest neighbouring |ocation by a
spacing distance DS >_ Da. In an alterpative arrangement, each bunp has a
maxi mum di anetral di nension Da and each |location is separated fromthe

near est nei ouring,.location by a spacing di.stance DS su ntially |less
than sai @m‘?ggﬁmm SRl uEFace ARG 4 &lgﬁvmr@sg}grapw GP‘éﬂqﬁ? 3%@%% bunps

mer ge W §tirtibRgh "thé‘ﬁx'a@ﬁé@i@%éd?gmgmslaﬁé% tﬁ@tﬁéﬂa@ersddﬁéd ?cmhle%*rdrﬂ g%f,"sﬁ&%’cés
ridge on said surface I cal said brittle material is gllass and said

| aser endifpge pdilmhhd@csat\dwmsdr@ his-methed eMerepraes theeproffeins apsulféngefront i on
of said nto the glass surface is in the interval [10'8,
| 0" 3] ne%lgcr%g{mg%&gécga%as%ér’ pul ses are generated by a carbon di oxi de (COz)
| aser, and saih IAISV;mItmmﬁ A6Z0P hisd Bn0&,78b®ajivaﬂtanjagétcn’n didelosh ai rosdss dogl y

absorbed b the brit ass sur.fac The di scl.osed herein a

ot oot gt g petiss arcfos i R HiisS Fir me iR skt 3% BageuSaSrafe Ak b 4
brittle sufclacesticiand Rliiﬁjfath aC@sg) ths iusg of bﬁaﬁﬂaﬁﬂl&pompecpﬁéd@mlag weiungl ass
surface to a redet e;&é&? othness Qtjhgxturl n gl ass surface using

t he net hblH“B‘Fl BHEATREL ﬁ‘&s) 9 CHate pEYSe3 gSu %er‘%lﬁesﬁi dLRWEFf ace a
filmof pRgNRither SitsRier %pg&ggeg tﬁatasﬁlh@hoﬁ Rf GhEA R 1R aﬁlé‘thb@ﬁgrg%sggilél@yer
The present invention discloses a magnetic recordin Ravi ng an outer

fsurface fibstiatgs manethen brtler eeremstaliite syréces t ad; n@e%g msaélmdymr gengsdve
dat a, kﬁ'?\?[;& ﬁﬁ? %?35%%%2@5 bﬁttfe%ﬁrmé’[glhg g?az&lasisubst rate material having a

subst ant ate surface; magneti zable filmlayer
deposi t ed over Psatitionfrads theibgt geaatrlly avbat @sihgvaseg palses to create controlled

changes to the topography of a brittle non-metallic surface, expecting hair-line cracking or
surface material damage. This damage, often at the microscopic level, is frequently
observed after laser melting of any brittle non-metallic material such as glass because of
the rapid melting and resolidification caused by a short laser pulse. This rapid melting and
resolidification usually causes excessive stress in the glass, which forces the surface to
crack and break up.

Such laser pulses are herein said to create stress that exceeds a "thermal shock
threshold" for the brittle non-metallic surface material. Indeed, the above-cited Hiroshi
patent relies on this thermal shock micro-fracturing phenomenon tor the usefulness of the
claimed invention. Laser pulse energies below this threshold are generally believed to be
useless for altering the topography of brittle non-metallic surfaces.

Accordingly, there is disclosed herein a method of texturing the surface of a brittle
material by irradiating the surface with radiant energy at a plurality of locations. and
characterised in that said radiant energy has a fluence f, at each location, wherein said
{luence f, is less than the thermal shock threshold for the brittle material.

Such a texturing technique provides the controllability and other advantages of the
laser-texturing techniques known in the art for metal surfaces.

It is preferred that said radiant energy comprises a pulse of laser energy E, having
a duration t, and a focussed spot having a maximum diametral dimension D, wherein E,,

t, and D, are selected to limit said fluence f; to a value below said thermal shock threshold,



substantially uni formthickness and substantially planar surface which has
a disk recording region and a disk contact start and stop ( % | for
|'andi ng and take-otf of a magnetic head; said substrate surfoi Agﬁ:% %02
substrate CSS region bel ow the di sk CSS region; 2 6 AU G 2002 5 said
substrate CSS region having a plurality of regularly-spaced apart -

el evati ons, each said elevation having a dianetral dinmension Dd in the
interval from1l to 100 mcronmeters and rising to a nmaxi mum hei ght hd < 100
nanonet er above said substrate surfacez and each el evation being a snoothly

shaped donme and free of surface cracks and material ejection. The present

i nvention al so discloses a magnetic di sk conpri si }ng a 8I ass substrate; a
magnet i cWhergly a bump. iy famed gm stirccarh jargetnigd. iigd ek rypa ingtipe 4i Bninatle a
magnet i cipfiged 307 31] SlcBhds AR sl ARakire) spck HiRReP Hi¥hdioh D SHPRL {h?t e
recordi ng rggl on_and substrate nagnetic head contact start and stop (CSS)
regi on ristgyedt(ily206] micrameseryl db s et prgfesredithat sai@chynaprises ©f 2 ntaginglias s

substrate..haw n AT S - t h d, bumps . whi ch are
oot hi y B boRe Rl et Sulecd B8 S FRRD bR AROR s hERS e il G
each bunfd, he@djngnbmetersyank edh Aimy kast maxienunadiamepul dienenkion Dn@sDgrandner gy

fluence which is bel ow a ermal shock en .fluence threshal d ). evel of
LheC ol sstith dfettacs serand un ke B Regbodrine eI b A eaang diten of
sai d surpas@,cracks and material ejection. The present invention also

di scl oses a rra]%neti c recording disk wth reduced stictjion conprising: a
gl ass subst r at ¥ anpliesptiae pranpgement. cachebympghasa maxigne digmetralhdimensiendht i al | y

repl i cat} i : I do@hd j ot rate
havi ng a*'%?e&?ﬁﬂﬁal?m‘é?s %?“3%8??32}‘%”%%%%%. BREDU A ReRior 0%y BT8R 0
‘shaped aRdsybstaatinlly hgss lihdnasaid oraxprem alemetead dithensiayy Botwhntebyamluwrality dfunp

hav! 79, DB e oy o, AN PRE LA LR D AR oS,
subst r at en said sinddceeach bunp has said snooth shape and is free of said
surf ace cracks and o S SEal Qs TR P HEA o APk, 332, L0
DASD conmpaiéibiih A, sdcld ti e 8Htal penetration of said laser energy pulse into the glass
surface is in the interval [10®, 10] meters, and said laser pulses are generated by a carbon
dioxide (CO;) laser, and said wavelength A, is in a spectral region which is strongly
absorbed by the brittle glass surface.
There is also disclosed herein a method for manufacturing a data recording disk
using a glass plate with a brittle surface, said method comprising the steps of:
polishing said glass surface to a predetermined smoothness;
texturing said glass surface using the method of any preceding claim; and
depositing over said glass surface a film of magnetic data recording material to
create a data recording layer.
The present invention discloses a magnetic recording disk having an outer surface
with a nominal surface plane for storing magnetically-readable data, said disk comprising:
a layer of glass substrate material having a substantially planar substrate surface;
and
a magnetizable film layer deposited over said glass substrate surface having a
substantially uniform thickness and substantially planar surface which has a disk recording
region and a disk contact start and stop (CSS) region for landing and take-ott of a magnetic
head:

said substrate surface having a substrate CSS region below the disk CSS region:



Sa a magnetic recording disk having a | ayer of glass substr f
Wi th a planar substrate surface underlying an outer planar ;’2&@]@92@02

surface with a substrate recording region and a substrate nagnetic head
contact start and stop (CSS) region of the substrate surface underlying a
di sk recording region and a disk magnetic head contact start and stop (CSS)
regi on respectively of the recording surface; a nagnetic head and neans for
supporting said head in a selected orientation and for generally radi al
controll ed novenent relative to said dfsk; both said substrate magnetic
head CSS region and said di sk magnetic head CSS region having a plurality

of regul arly-spaced apart, el evations, each, sai.d el evation having a

di anetral di rre"gr‘éi g&)sggte |C£1';St K&l g pﬁf%‘rﬁ’ P f‘?gu%'@'srﬁ’?ﬁﬁdoq%ﬁeg%vaé‘ﬁﬂs’ri si ng
t 0 a- MaxdaBh BalifleBRhtidH! havinBOa RIMUTRI QlimelOY D LAF OintbEl SeRstIr a e opur f ace
and the recording surface; and each_e] evation being a snoothly shaped done
and fr eanisroraglersaand Higg ke aamaximme height by scl9QGRanometeraphove sajshruhstipte

expl oi t syl qgge.%gxpect ed di scovery that high reproducible bunps can be
control l'abl'y 'made on a gl ass di sk surface using single |aser pul ses of

preci sel y- contqagh |edeyatiom bgingf 4 gawothly Fhapedcdomoand dieei of sustpoe rosatks candxpl oi t
an unexp ratively narrow operating region just under the abrupt

t her mal -I%%{)eglgl %‘%@@ﬁbe threshold for the brittle non-nmetallic material.

Fl uence cont r dl'hd resenc mvphtighesh disilogs aehaateddisbolimpadingns of | aser

wavel ength, pul sewi dth and repetition rate conbined with proper bunp
spacing to avdt @BV EPEHssi ng of the laser irradiated region. The narrow
operating flueng@gh@@ilgperi S bounded above by the thermal shock threshol d
and below by the nelting or saftening point of the material- Thus a nethod
can be adopt edthe gragngti¢ {avenaung @i reeqrding iegign and chpegesticdacad mongact ytagt a
brittle jmteri b4 : whi ch
ai d br i TE G TP o pa R R e SRS Ko AR POF Rt Rl
concent resmiiasy steetdnd stopd R E P e sl resrectely obihe glash sibairptey of spaced- apart

| ocati ons over ] ea. of i Wit I

t opogr aphy of tggiéd§ %r?%g{f?rp éf Ztlyjer ggses@g{r%e?{gkglgtg?gﬁlg@tgfo ?esgg%e%é%??ig &Jlﬁe-
spaced- aghaped Ibangpt i wiich sa¢ dmoathlashaped exrgly frhavirang sarfh¢aueracks iand mbtedal d
each space(g.- apar# | ocation, said fluence ti, being | ess than said thermnal
shock t hPEEHSt §For said brittle material. 2 6 AU G 2' 002 Sb Many

M croscopi ¢ bugses bimp hevieg ®aéeehade by desist @de CaSr hapt ovhioh has ghamsrgy
ceramc Qr other, prittle non-nmetalli ?‘1 substrate sg&f e}c&éo i mr ?ve

sti cti ontlugRearwhichiistheddyy o themat aboaki FRerey fLignee Supshoikdevst Hothprelgsi e the
surface @%sRate$baniidach Sinbaes saildddiil Mapt @RA QHHEE BY sAd REAREd MBcks and

i npression. Hi ghly-reproduci bl e m croscopi c bunps can be controllably 2 6
AU G 200mategipkiedibnon a sel ected region of a surface using a pul sed | aser,

wi t hout damag I e e 0= ki ng
because of Iag$gﬁa%§%pLdgg%¢cﬁlgQggﬁgﬁégéﬁa %té;ﬁtslg&f fe&glﬁ{%géiid?k t |Wg11 t ;C}EE&P
cont r ol | gottimh ichinprisingr oper regi on just under the-thermal -shock fluence

t hreshol d at V\@'gl%gs %ﬁt‘t’&t? such hair-line cracking of the glass surface and
material ejecti®n iS Teature arises fromthe conpletely unexpected

di scovery thata trhagretit Slager edveripg daidansbstiatnahd esnbstgytiatly usptieatingr asigbt d
(the "thermal sho%k }hre‘ﬁ)gol d") bel ow which the | aser pulse energy fluence
ei t her hAYIAYGRHYBERAST SHEFEFY creates a bunp without damage. For a gl ass
di sk Wi th conpihesgiseubstikabayist b ohsaligudhspacdisuparuerdreaped bymps elisides

al nost entirely above the nom nal surface, which is remarkably useful for

r educi ng2€$EIG08HY shangd ead &ee Frages itk srackepnd ipRBHiASRCUB® MHe i nvention wil |
now be descri begdhi RS h@hihg BeeNaYadefbie xRt eNbier Wl WRERNRBGR LiRcihe
foll ow ng draw ngs: Fig. is a functional schematic diagram of an
exenpl ar 811%l}§pawbtchslsf brlowex ttherimay shoel aseygprilusnpe thigphald |leved (o lf Hice slags

accor dan&?os%tterkottngt a%h W)nglpoﬁastsgﬁ glﬁyoqﬁtsh%;and is free of said surface cracks and

material ejection.
The present invention also discloses a Direct Access Storage Device (DASD) for

reading and storing data, said DASD comprising:



Figs. 2A-2C show a typical surface bunp array and bunp prof] é ﬁ m%e
~using the nethod of this invention; Figs. 3A-3D show the su f q& GE

a gl ass substrate for four different fluence | evel s, two of which cause

m cro-cracking of the surface; Fig. 4 is a plan view of a rotatable
magneti c recordi ng di sk and nmagnetic head) including a Contact Start-Stop
(CSS) region for contact between the nmagnetic head and recordi ng disk; Fig.
5 is an enlarged sectional view of the magnetic disk of Fig. 4; and Fig. 6
is a functional block diagramof a Dirgct Access Storage Device (DASD)

enpl oyi ng an enbodi nent of the textured recording di sk The present
invention arises fromthe unexpected di scovery that highly-reproducible)

m croscopi c buﬁﬁ?géﬁﬁ seordyg digk haynga lavge b é%tsﬁ fubstyaty featerial cwithya plegar on a
gl ass di f e

Ul sovi o R PSR Bulk nﬁftﬁaelp**tt&?ﬁ‘ PUREE VALOP SbNAPIERIE |\
sur f ace. regian ard & hdhwirate agnstic deed cerihel et ililtﬁﬂalg (@b ofegiom efxtbeshbstyate
apparatu r Iy | osure
oo et B gl ol TRk Bloh R BER harel BBl ek el BT S e
for redu((é@B)S’egloh|respectatetyhccﬁxgé1rdcbﬂtuag)$mfaae us of Fig. 1 may be enployed for

2 6 AU G 2f1 02 creati a desire atter.ned rea on gl.ass, ceramc
i her brittl o RaneBel P ol TS fo ShprLpESa dr:a?)mﬁggtsf‘ste%f)rlr@amer{

sticti 0”?0rgehé§ﬁﬂ9¥e@ﬁ’al%ﬁﬁol(&d rhéRRY et ARG Rl disk; or as a "stanping
surface" for use in mass production of other surfaces inprinted with the

negative of t hboetsarépwbgtreatm@rlﬁtw herds§ 'SP megion é%‘éﬁ%ldrwgléﬁﬁlcdtfﬁd KeSS

appr eci a L ayste I’t N y
motivat o Al 3‘”?%9?2%%3?”2‘9?163? AL i MR Y
a

pul sed | disgretrabdimensiondnn ghe inteaval fiem bist lQQarmogs@netprsaatndmnmftOtaheamamrat| on
| nci dent ggmtlt?e&bé‘ﬁﬁ &s%HQéetéa%h%f%ﬁe t@ @Qﬂlﬁ{faée%ﬂ ti’ré’ % eand
shorter ohe mlITimnme t'o produce eftective "near-sur ace hg of
t he gl assndubstrate. The pul sewidth is chosen to be | onger than one
nanosecond and shorter. than 100 m to proyvide.efficient hea |ng
of the |nteracF"i‘C(51ne]\%"}tt?H2bW$ S{ojb el élalussl?’ﬁ C€§8‘8§§10 e%?ehé?‘rC SHITASh JRRKY B o

one nano&m&{aqi); Etigxcessi ve vol unmetric heat| ng through thermal -di ffu3| on

(above 100 m | Irse onds). The | aser peak wer and the focussed s of size
on the two sur fl#E&boYe appreadls exploft S ups gcied Gs<ovEmobah hied rerpodusiis gy
densi ty" pa sfdaH%?:C@ontﬁﬂ'IfaBlyChﬁﬂ'é ohOa RIRYI & g@fideeusity kdgh sRE gﬁtlsag oPr

mel ting over a short time period wthout causing the shattering and

mat er i al PejcEely-emtotedesyey éblé@cetﬁlmelcewﬁe@elerd requireddgh exploifnerexpasteds .
Laser 10 I y a f i nal
18 to pr 89‘?‘ gxgg%plg lléaggarv{;a)p | ti g %%a({ne?&sﬁaér{dg%{gﬂ%gé%l ar?(ea:gﬁgl Sthg&l{p?ghpezlrw

t r ans! at itloeshabd forothat britlal nomewetalict materigl. aféueygcb§t>nta@le151®compbvhedesmsg ngl e
| aser - pul actio tare eq QO s f 1 a

| aser 1 retehicb@Binafioh A &Rl BIC BuRIWEI ARE Eheftdp R Shubie e Wi
oper at i ngrop2n Gampf sp‘abimgrtcaevohebmnsttdmngtdfether&dtses Iilmxkatédh regbml d'heatharvdw ch

surface cracki n and nat er.i ion ur.s tho h th| ed: apart
Car oot - aPBa e duFBiTeEionds BPRrsrabay® SRt MR eek daresiid and BRGSE b o <
may be usigdmelip ovkbfferdndigdinoyRhe makenl abl e operati ng range of fluences

bel ow t he thermal -shec| c fl uence tareshol d. The pergqbléc90 of the apparatus

in Fig. 1is ndWuigadesthosbern i aderd et iexiugng 8 g BROSEAGIFYIADY by
means of @,k m&%namavtrtgea ﬁl@ht\e(l%h&kt mresﬁtstafftuea@esrevalarbote%wttratrtﬁtdattta@le _
radially by sonme useful translation nmeans (not shown). In synchronismwth
di sh rotammﬁﬁﬂamﬂa@FEdS$QiH@ﬁmdwa@éﬂﬁmgaﬁ§Pﬁﬁ1sed by srgnal 18 to provide

t he out put puI &, SR a
mvabl e 276 Aol BT ERafaP i Ry B PEiceSihlOBM 2,

or a l O\A@rvenszt atatorat yreabf said bidle sBdbeaets» aRdr tlreavmgrmptg cﬁlsamlg)rtthe suumquerm pat h
bounce off mrror §8 thrqﬁgh a ZnSE focuss'erdm1§mm1 g\aﬂ t Qnar.y,

mirror 34 BT AREPEFPANTAD SRASSEAPEL el 3 of "Gl 88 U UG PES 1%

Sim | arl yaidpats egaced-apiroRGatidie shid iaengeat, belh@lln’seﬂlanfsﬁldrﬂlérfm sl&ﬁlktthfe@hl@b t he
Znse foc%ssrn Iens 36.to mrror 38 and therefromto | ower surface 16 of

di sk 12. bt Hn%?%%er mechani cal control of mrror 26, both sides 14
and 16 may be textured sinmultaneously. In Fig. 1, the texturing at surfaces
14-16 is controlled by the conbination of pul se energy, spot size, pulse
rate, pulse width, disk rotation rate and disk translation rate. In
addition to these control elenents, the |aser wavelength is selected to
obtain the near-surface heating effect discussed above. The energy fl uence
at surfaces 14-16 is precisely controlled in a manner exenplified by the
above drscussron |n ' connectron mnth Frg 1 Thrs requrrenent |s i mport ant

o o o Y b1 T | - .



2 6 ,AUG 2002 9 gl ass surface. Lower bunp height, i.e. hd approximately in

- the range from3 to 40 nmanoneters, can be nore desirable Fo:z ESMB?ZGGZ
texturing. These shorter bunps can be created by using | owe ces
t han those necessary for the 100 manoneter bunps. No cracking or shattering
is produced during creation of such shorter bunps, either. The foll ow ng
process paraneters are herein disclosed as an exanple of an acceptable
operating wi ndow providing energy fluence bel ow the thernmal -shock threshol d
for a glass surface: |aser wavel ength,spxp = 10.6 nicroneters; | aser pul se
width, tp = 60 m croseconds; |aser pulse peak power, = 12 watts;

focussed target spot, dlaneter Dp = 200 m croneters ulse repetition rate,
Fp = 1500 Her t¥any migiosgoniePuRPY MY B9 atsgtedyjn=a Aiﬂqudagsgrr%@ecqfn@l glagss k
transl at | | . bunp
oo ng. Pl AT britle mudiallcSHOlRA Lt 38 GO hroR RO Bl AR oP 1
t ar get agcatabipptofsugle siades 02 90 pripercothetsarfece ahe "btampug swidod" ingouddh Ifqr 30

m cr onet | |1 h ".ch eristics
o 110 rauleibd, § fefadie, BB %é@o LR ble BRI R BT

t han t hecanaidilalbled spot si ze. is conjectured that t he unexpect ed
"fullyprotruded"” dinpling effect may result froma rel axation of surface
stress caused by the | aser-induced surface softening or by the |aserinduced
t hermal expansion that "freezes-in" as the surface cools bel ow the
softening point, although this is not known for certain. Bunps of height
ltd froma few nanoneters to as |large as many m croneters can be produced
by this technique. It has been denponstrated that |arger bunp hei ghts can be
produced t hrough repetitive pulsing of the sane target regien spot wthout
‘produci ng cracks, provided that the thermal shock threshold fluence |evel
is not exceeded by any one pulse. Fig. 3A-3Dillustrate the effects of
exceedi ng the thermal -shock fluence threshold in a glass surface and al so
denonstrate the abrupt upper limt of the acceptable fluence operating
region. Each of the surfaces in Figs. 3A-3D were produced using the sane
operating paraneters as are di scussed above in connection with Fig. 2A
except for repetition rate (FP = 2,000 Hz instead of 1,500 Hz) and for

pul se 2 6 AU G 2002 10 width tp. Bunp spacing in Figs. 3A-3D is |ess than
in Fig. 2A because of the increased repetition rate FP. Fig. 3D shows the
surface texture resulting froma pulse width tp = 60 m croseconds. Fig. 3C
shows the surface texture produced by a 330 increase in tp to 80

m croseconds. The surface in Fig. 3C renmains free of visible mcro-cracks
and debris. However, Fig. 3B shows extensive evidence of the m cro-cracking
that results with only an additional 12.50 increase in pulse wwdth tp to 90
m croseconds. It is this unexpectedly abrupt thermal-shock fluence

t hreshol d characteristic of brittle nonnetallic surfaces that notivated the
refined fluence control elenent of the texturing process described herein.
Finally, Fig. 3A shows the extensive surface damage and material ejection
known in the art for laser-textured brittle nonnetallic surfaces. Fig. 3A
is created by a pulse width tp = 150 m croseconds, which is 2500 of the
value used ' for Fig. 3D. ' Figs. 4 and 5 show a magnetic storage disk 40
havi ng a specul ar outer surface 42 and a textured annul ar region 44 for use
in Contact Start-Stop (CSS) cycling of the magnetic head 46, htagnetic head
46 is nounted on an arm 48, which is connected to neans (not shown) for
positioning head 46 in a generally radial direction wth respect to
rotating disk 40. In particular, head 46 is positioned over textured
annul ar regi on 44 whenever the rotation of disk 40 is started or stopped.
Specul ar outer surface 42 of disk 40 (Fig. 5) may cover several |ayers of
intervening materials. For instance, a glass substrate 12 nmay be fornmed and
textured in accordance with the present invention before deposition of the
subsequent magnetic recording |layer 50 and protective |ayer 52. The

t opographi cal features of the textured surface of glass substrate 12 are
reproduced at the surface of each subsequent | ayer deposited, thereby
providing the desired texture in CSS region 44 on outer surface 42.

Al ternatively, any of the | ayers above gl ass substrate 12 may first be
deposited and then textured in accordance with the present invention. Thus
outer surface 26 effectively represents the surface of whichever of |ayers
12, 50 or 52 is nodified topographically in accordance with the present
invention. Utimately, for data storage di sk applications, the surface of
protective |ayer 52 exhibits the



2 6 AUG 2Q02 11 desired texture in the CSS region provided ém%
annul ar region 44. Fig. 6 shows a functional block diagram o 02
.Access Storage Device (DASD) 54 enploying the textured di sk 40 having the
gl ass substrate 12. DASD 54 includes a control unit 56. which coordinates
the operation of all elenents with rotatd ng disk 40. Control unit 56
provides a notor control signal 58 to a drive notor 60, which rotates disk
40 through a shaft 62. Control unit 56 al so operates a head actuator 64

t hrough a posiaE¥Ad EBm selectddnesab@® ofhetaynfact uslrgi s pwisehamsesalvithogbupl ed

t hrough t he twamddecto Hechbrirtireniamddlncurficé ealshe by wicragreeking heads 72 and

74) respectiValeYausd/BENAELC pi@athe{¥inkS THeSRO&EHUILO FifAde 3R 1Yty e data on

upper surf ace c%ﬁugpeq'aiﬁhﬁo Whe t;g@gifo%uwuéae chh eyl SROSCH LG " ad_and

wite data on ower sur ﬁg‘ R and 74 are
coupl ed thr ougﬁ&l reghpleadly Wphich eeEHAnTHER ‘? ® SERTEH ohifPt 95 WREA by di gi t al
data is transfaspmateripl girftignomThin ERatyg ariede Zom the Zolatels 2002 O ai ns:

1. A nagneti c unexpecicidndischiveky hisati thgrats eutabrups trirgdtiomalt tnemgyndhdenad surface
pl ane for st OordhBgshoRO (ki Gatinyt sRaUatNr&sheRt phemaivhicH She CLHBPHuBdeNg: a | ayer
of glass substd,gif fml;&l;lalthélawsn& @fé&@&t aateu,auastpé ariﬁrnp suBsty ate

surface; and 3 qEgne |zable lmI | ass substrate
surface havi nqﬁa’?eubtgf ant{ Tﬁ gis ’?M comprﬁsosq?( Eurgac gtres ucﬁtl al P%/ pl anar

surface which 51“8?%!2”?"&%?&1%“ GG é‘?‘f’de afhﬂl"g'kl”&]c)ﬁt"afé‘fe's‘t’*&f: and stop
(CSS) region figrremarkdblygusedel ferk sedytingoftictioméndetacsteeent; diski-d substrate
surface having a substrate CSS region below the disk CSS region; said
substrate CSS regi g ehikge @bl @bdrYonOfi11 AgHbaldk Yer SRACHH aApRY by

el evations, e | ey on Dd in the
interval fromq%pt gaéxqaﬁr%%n% WQ& bgf\él'&g aco%érﬂ?h angddrg‘?lqgém hei ght hd < 100

nanonmet er above sar’cf’ shBgt g‘l“ét’s"ﬂ?lf é%ématéﬁglagé%'h" f‘%\?é‘f"ingﬁrybaéﬁpnrgat‘és snmoot hl y
shaped dome an@rfiestirdte & asscer CHhSELELWAY SHdeer raPeer T gith e The
magneti c recorwitiny ef She fveetigim 1 wherein said naxi mum height hd is in the
interval from 3 toF&f. maRBITEier 6 ty@eall e famgnes iacrayesorainngreiisk of claim 2
wherein said plouiakd luyiddf eel RYAdd ONEhdr BveRpaL at ed from one another by a
centre-to-centre 59?;% g QJ SHANGE ddPeaze Q@xJ&@eV!oE‘g @1#@%&5@&4&%? ol er val

from greater tcp?pererat uenc EI‘IV%EOWE}OEI‘PW ich cause m1cx%~§t:[alc i {hdl ng di sk of
claim1 wherei i s$al R el @vati ons are-separ at. 80F fFom one anot her

by a centre- to“(':'éar?fre spaC| ng d| stance DS > Da having a value in the
interval from greaf&r tHarr RlanovBOCLM srtobiemragnetic Fer degy Atk @dr ecor di ng
di sk of cl ai mmagwdrés deal, ebechudes d ®pacedtapaitop dbeategbm fs separtated from
a nearest nei gluomdshi dhg rmRRaed nafakda el-emahd enxkby a centre-to-centre spaci ng

di stance DS substapijakl;y d.es3atfd@8NeSabsh1 B} BHMLagRt{ah;di Jrengl on Dd,
wher eby a pl urfl MY of said elevations merge with their nei ghbouring

el evations to form a substantl ally continuous ridge on said substrate

surface. 6. A magnétic r‘éc%f‘dlcﬁ’gc’“ﬂ} EkeESHRIAT fed Tieth A9t Stiar%i n each
el evation is n%FdécebyoAﬁP) rerdeYingrie tmRedEfe Il fskheifr e hascoaRingriey f 1 uence
| evel which is below a thermal 2 6 AU G 200

The present invention arises from the unexpected discovery that
highly-reproducible, microscopic bumps can be controllably,
inexpensively and quickly made on a glass disk surface using single
laser pulses of the propetr wavelength, pulsewidth and repetition rate
combined with proper movement of the disk surface. Fig. 1l shows a
functional schematic diagram of an exemplary apparatus suitable for
implementing the present invention. This disclosutre is primarily
concerned with the texturing of glass storage disk substrates for

reduced stiction, although the apparatus of Fig. 1 may be employed for



13 shock energy fluence threshold |level of the glass substrate so that each
el evation is said snoothly shaped done and is free of said I S
and: material ejection. 7. A magnetic recording disk as cl ai 25 fﬁjﬁcﬁﬁﬁis
wherein each elevation is nade by at | east one |aser pulse which has an
energy fluence level which is below a thermal shock energy fluence -
threshold I evel of the glass substrate so that each elevation is said

snoot hly shaped donme and is free of said surface cracks and nateri al

ej ection. 8. Arbitifgh ACCRIADaBihalereboin glasd, DASYicfar otheddritgriand stori ng
data, said DASRnedRDik Subdrad SRENRE I for p8GREC O rehusda Haviig, a | ayer of

gl ass subst ratﬁ FS‘% Lk o T;&.J}o@edpéo%@&&lﬁ bgt raéte-'&‘JJ;J &%u%ge -r k) g an

outer planar sur e recording reqgion and a
substrate rragn‘@fljd‘ 'Pfégd“&%‘ﬁf’:f&t s‘ftﬁF'E s‘é‘%&"?t@ﬁ Ingdgyitpd ?dﬁ V¢ RE
substrat e surfieecstarndes Pyitagr-a T&P%k“ﬁe&@ﬁﬂitndnﬁ"@g’r%rﬁaﬁﬁ wregcdrtedagnet i c
head cont act sdsahdviangeretapafpCESpilicyieven thesgheitt wasebyigbfallivheotiemwadi ng
surface; a magietieCndiead aRturdBans Bks FoPERtatitdgageai d head in a sel ected
orientation and for generally radial controlled novenent relative to said

di sk; both said su strat ma netl head .CS 0 di sk magnetic
head CSS regi on ha€| Ny ? qu’ % fase %i §° gs-°sﬂ‘§ggg Eélc el evati ons,

each said el ev%PF"dﬂt‘Ha\anB‘ a"dfaélir%‘t F%ﬁidﬂ‘l rf’éngieo‘-’r’raﬁddfsl’i PRETRI &7 VAl from 1
to 100 m cronelosss thad 10| winpreptes andneber e nbhive icpthni i dmeser] 00 predveset er s above
each of the suéestdtate vsdiarfmemncantedthy by diaag sshuttaee; Tenguisacidtie| evat i on
being a Smoot hisyc&laapesl be OlFRge2Nthak [oBE nBfos8déhd AGE skdragK shaan@o mat er i al

ej ecti on. Qpﬁgdgf\:o(ﬂrg\h%%fm gn%'TﬁLamD %fnaéllm}awabaw%lm is In the

i nterval from 5 g N qwck %Ii)owfm AM’IEI‘EII’I sai d
plurality of efd0%8fi BHE SrEEEp5Er a}ieéof' 7GR She aRtt AEPS 15y Y

cent r e- t 0- cent PEESHEC VY™ S ta ‘tf‘é“l}”SmE?h thﬁ‘é‘\?? HYEs{ral H8VE 1°% he i nt er val
Ul' 0111 gr eat eniliisgpon@is}.o The (lapd repesiEROB TS and] the fPRessBASEPtofize| i His 8 wher ei n
sai d pluralitytwoefsefedatisong 1@re gepardatietk kromoeae ftaned hererlyy a

centre-to- cent §s SiPaCr NG inst a0 i ent tOpr KAV Bohede YA HQ bdreidiag iont er val

from greater tlpggln évgr 5;0910@1 QE!P”F&L’%E& WLJ\gut Jﬁ%ln@%p s(?xfc\tt%l‘ﬁllgr%ds wher ei n

each sai d space tion IS separated om. a nearest n hbouri ng
spaced- apart e'i‘aé\‘}’éfta}o"‘r:le‘b%}mh EBNEFE2TH gglr?terx 'Ecsteac"i'l’C R gf{léeﬁ'cczee V[a}‘g 2 6 AU G
2002 14 substantially less than sai d maxi num d| anmet raI di nmensi on Dd,

whereby a pluralityasfk Haidcedteddded ohs misgerafieiredieicy (vél gmjée:'riiorng

el evations to fighin as sblpsbamat iaapdiye copttitivouster thdge vibin ¢daeirgabsti at e

magneti ¢ head £:35e:SUFdaf idehd FRafREOr ivegnbBYNALiLsbead: CSB, surface, 13,
The DASD of cl gim &, V!lﬁgl%lﬂ. Q,aglthsela%mw AN nsy WRAE. BYeabn LGastesone | aser

pul se which ha an.e whigh, s bel o erm ock
energy fluence ffﬁ?cer‘sglgf%Yfel\?a r )fre? helenlf SUDS ?Enecessar?ﬂ)ecaues%cs‘

el evation is sBiYiagotHiey SRASLY o °5nfd“e|“§esf P8 &b sHtca™BuiPate cracks
and material efleetiodd! al4hichherBASErofkied arhraBr Wherietriceaehrel evation is
made by at | easithouye thasespiead-sparahitetpehaseaneghnenent fd pemegelievel which is
bel ow a t her mabveshgpknenatgiciduansa theeshobd vkavealurafict henglass substrate

so that each eLeXalhe b aAld 2000t Mlinshaned, dane..and-iiscf reened said
surface cracks and naterial ejection. 15. A magnetic disk conprising: a

gl ass substrate; a 0magnetl c layer; the magnetic |ayer having a recording
region and a nmagnetic head contact start and stop (CSS) region overlying a
substrate recordi nghf grorianef $iarrrattes fadhet it cshwydecortytt Mefart  and
stop (CSS) regisartraspdcts valayedofn pirdagl #sBY Searstafas @otor 22 and the

entire motor-shaft assembly is translated radially by some useful

translation means (not shown). In synchronism with disk rotation and

translation, laser 10 is pulsed by signal 18 to provide the output

pulses 24. Output pulses 24 can be split by deflection with a movable



the CSS region of the glass substrate having a plurality of s e&- [
dorreshaped bunps which are snoothly shaped and free from surfﬁg Uﬁ%ﬂbﬂnd
material ejection; and each bunp having been made by at |east one | aser

pul se which has an energy fluence which is below a thermal shock energy
fluence threshold |l evel of the glass substrate so that each bunp has said
snoot h shape and is free of said surface cracks and material ejection. 16.
A magnetic disk as clained in claim 15 corrprl sin a dianetral dinension Dd
of the bunp b&HHGT 178 eHAr an pursY &whboray Tﬂg’?{n%’ Pemf¥shstatéonart er val 30
to 60 m cronet™d¥er Bqed Bulrer Gt triavelding Heng bhroudrer moth boun¢reoffinbroml 3 to
100 nanonet er 28 thiough arBgpaefdcassdhe Rer@S3C kaimmaatiomrg lmdrror 18 g@npri si ng: the
di anetral di neRsieorm uhRl NGr&UbIbadt jakd Yot QEOTRS eranfiidif he hei ght

hd bei ng subs | Yo 226 Sounce ) u magnetic
hd bei ng sul n%gﬂseg% A AQQ%MM@E& B Sounce HeP mibds 200 Zcbgh e chsraonetic

I th
3 to 40 nanone cussinglgznsg% togml ror g?( tger} from tg 8w?r s%r%%cien*sl f(?b%prl si ng:
the bunp spacithy BESheithy P§?Pﬁ§t“‘éﬁ'taf‘é‘lall)F°PUGIr?f(?‘librﬁétzérsmﬂha“’ceﬁembunp
di anetral di mrendilormy e tretyrgd sdbygtaneeysdll y 30 microneters. 20. A nagnetic
disk as clainmed in claim19 conprising: the height hd being in the interval

3 10 40 nanomet er Sin g, £ BRIBALkLGnG QE Wubkaae: 4-3K M&ht&mHQ%duﬁti ction
conprising: a g‘l\bq?;ugy%%”g& %e@g,;mgmtglge | BUEL ¢ gvgumgm @ daplpstral e and

substantial ly replicatin riations in ass substrate; the

gl ass subst r at'@ 1A% Ay ea ‘g‘fgltirf’"s B fAad-A 5 aﬁ A he a8 Banps  whi ch
are snmoot hly <$ResaEF a *arsé'é WFYeéﬁ'igéhrlﬁa%é“é?daé‘k@*ahﬂ th‘ht’éf’rrrairf%ﬂeectl on; and
each bunp havihegtibeehfaradEshyssat alogast Troneet@sBuengel gesunkiced 1halS Bn ener gy
fl uence whi ch pr&cibelyoysnardibar tmla mhoakeenan gisd by udB GBotehagshlich hevel of
‘the gl ass subsckmtw.@mﬁqukmag eachppUnp ohaensaid ;3pReii shape and.is free of
said surface %I;lgxpectegntﬂsga\)%xeyr kt%Jt gle?é:te!u%@s a rather abrupt energy fluence

"thermal-shock threshold level" for many brittle nonmetallic surfaces
including glass. Above this threshold, the glass surface is at least
partially shattered and material can be ejected. In much of the energy
fluence region below the thermal-shock fluence threshold, energies are
insufficient to create any topographical alteration to the brittle
nonmetallic surface. The present invention exploits the heretofore
unknown and relatively narrow fluence region properly below the thermal-
shock threshold to create useful surface textures in brittle nonmetallic

materials.

Fig. 2A shows the texture on a glass surface resulting from an
exemplary combination of process parameters to create a CSS zone on a
glass recording disk substrarte. The plurality of bumps in Fig. 2A
exemplifies the texture produced, showing each bump separated from its
neighboring bump by a desired separation distance Dg. Fig. 2B shows the
Atomic Force Microscope (AFN) profile measured along the path crossing
the single bump shown in Fig. 2C. The profile in Fig. 2B is seen to
have a maximum diametral dimension Dy of substantially 60 micrometers
(ie from 30 to 90 micrometers) and a maximum height hy of substantially
100 nanometers above the surrounding substrate surface plane. The bumps
are very smooth and ideally suited for reducing stiction in a CSS region
of a data storage disk. Even with a protruding height hy of 100

nanometers for the bumps, no cracks or shattering is observed on the



22. A magnetic recording disk as clainmed in claim21 incl udi21@: A@@&zggzp
having a height hd in the interval 1 to 150 nanoneters. 23. A magnetic
recording disk as clained in claim22 including: each bunp having a
dianetral dinension D~ in the interval 30 to 60 microneters and being |ess
than a centre-to-centre bunp spacing DS. 24, A magnetic recording disk as
claimed in claim 23 including: a magneti c head recordi ng region

enconpassi ng a portion of each of the substrate and the nagnetic |ayer and
a magneti c head qDiskasukfadkar Lowvadhbufip GPidht CIS). KyedpporximiteBNPAssd Rghganot her
Eorti oln oftegch @fomt Q0 HADRIbRAILEr ANELnt NEnSRRUNREL rablel AY-EEsS @Bﬂgnsﬁaix@yullﬁgps
eing |l ocated on = | as
clainmed in clai mlr%d& irhrﬁlcg:féﬁgibﬁéegagﬁL%Ereﬁﬁ%eﬁﬁgﬁgnﬁgééh{&ﬁ3:1§jer?gﬁ1ghal%nt erval
5to 40 nm 26. AHAJHELISETY Lo Fof WP BISRe8E et it S AL RS EPRHEY Ll ng:
each bunp havi ngis Peednaed Avrling iceatderont Buch phorbes Humpsersidher30 to 60
mcroneters arid being |ess than a bunp spacing DS. 2 6 AU G 2002 1G 27.
A magnetic recordi ng 1ieSte1fwikd prd¥REs bavakd@BldT26ndrBG] Wicdbea @sraagneti c head

recor d! ng regl O”eQJﬂ‘SPJTQ?%ﬁ'aQerQaﬁ r&ﬂepﬂig{ w%gvh pcjvi QG Rl E%.@%n%e%gm; he
magnetic | ayer an ghma neti e heg 0}idogtrac lgstsaruf3 angl]L stop S) region
enconpassi ng anot et BBF ERT o &AM 61F £ Ha*Sub¥fiGie and the magnetic
Layer ; and sai d bunp®stier#gleyEt & =0l § " O%IPFCSS regi on. 28. A

magneti c recordi ng dilkempulskaiidtd t;n= EPaiipro@Gondrer ei n sai d bunp spaci ng DS
is fromgreater than 1ksé:0pd36 gehk povet aps: 129attédy nagnetic recording di sk as

claimed in claim 28 ifeldidhNgiged FBINEIeEeERL ERCAIHIME 58TI ON
ateand the magnetic |ayer and -
A P
=Y

)
encompassing a porti ool gach 0l Hhe FIDIH :
a magnetic head contact start and st P CES; éﬂrsgsgl on, enconpassi ng anot her

stop P _

‘portion of each of th‘gs‘éJBE"‘Ltﬁ%ﬁf‘é KAt he SCFRer: and said bunps
bei ng | ocated only i rfishitdarcEgipey)i gaged. vr = 200 micrometers/second; and

. A& Al UF. Au. A9. A! L. AlnoA&tdB)raALalAbynp Apadinkl As =ARE&. mAsrdméteAs A. AEY%

It should be appreciated that although the target area spot size
Dp is 200 micrometers, the bump size D4 is only 30 micrometers. This
relationship illustrates the "threshold" characteristics of the laser
texturing process that create a feature size much smaller than the
radiated spot size. It is conjectured that the unexpected "fully-
protruded" dimpling effect may result from a relaxation of surface
stress caused by the laser-induced surface softening or by the laser-
induced thermal expansion that "freezes-in" as the surface cools below

the softening point, although this is not known for certain.

Bumps of height hy from a few nanometers to as large as many
micrometers can be produced by this technique. It has been demonstrated
that larger bump heights can be produced through repetitive pulsing of
the same target region spot without preducing cracks, provided that the

thermal shock threshold fluence level is not exceeded by any one pulse.

Fig. 3A-3D illustrate the effects of exceeding the thermal-shock
fluence threshold in a glass surface and also demonstrate the abrupt
upper limit of the acceptable fluence operating region. Each of the
surfaces in Figs. 3A-3D were produced using the same operating
parameters as are discussed above in connection with Fig. 2A, except

for repetition rate (Fp = 2,000 Hz instead of 1,500 Hz) and for pulse
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annular region 44 whenever the rotation of disk 40 is started or

In particular, head 46 is positioned over textured

stopped.

Specular outer surface 42 of disk 40 (Fig. 5) may cover several
layers of intervening materials. For instance, a glass substrate 12 may
be formed and textured in accordance with the present invention before
deposition of the subsequent magnetic recording layer 50 and protective
layer 52. The topographical features of the textured surface of glass
substrate 12 are reproduced at the surface of each subsequent layer
deposited, thereby providing the desired texture in CSS region 44 on
outer surface 42. RAlternatively, any of the layers above glass
substrate 12 may first be deposited and then textured in accordance with
the present invention. Thus outer surface 26 effectively represents the
surface of whichever of layers 12, 50 or 52 is modified topographically
in accordance with the present invention. Ultimately, for data storage

disk applications, the surface of protective layer 52 exhibits the
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Fig. 6 shows a functional block diagram of a Direct Access Storage
Device (DASD) 54 employing the textured disk 40 having the glass
substrate 12. DASD 54 includes a control unit 56, which coordinates the
opérétion of all elements with rotating disk 40. Control unit 56
provides a motor control signal 58 to a drive motor 60, which rotates
disk 40 through a shaft 62. Control unit 56 also operates a head
actuator 64 through a position control line 66. Actuator 64 is
mechanically coupled through the two flexible members 68 and 70 to the
two magnetic heads 72 and 74, respectively. Magnetic head 72 is
disposed to read and write data on upper surface 42 of disk 40 and head
74 is similarly disposed to read and write data on the lower surface 76
of rotating disk 40. Heads 72 and 74 are coupled through a read/write
channel 78 to control unit 56, whereby digital data is transferred to
and from rotating disk 40.
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Claims:
I A magnetic recording disk having an outer surface with a nominal surface plane
for storing magnetically-readable data, said disk comprising:

a layer of glass substrate material having a substantially planar substrate surface;
and

a magnetizable film layer deposited over said glass substrate surface having a
substantially uniform thickness and substantially planar surface which has a disk recording
region and a disk contact start and stop (CSS) region for landing and take-off of a magnetic
head;

said substrate surface having a substrate CSS region below the disk CSS region;

said substrate CSS region having a plurality of regularly-spaced apart elevations,
each said elevation having a diametral dimension Dy in the interval from 1 to 100
micrometers and rising to a maximum height hy < 100 nanometer above said substrate
surface; and

each elevation being a smoothly shaped dome and free of surface cracks and
material ejection.
2. The magnetic recording disk of claim 1 wherein said maximum height hy is in the
interval from 3 to 40 nanometers.
3. The magnetic recording disk of claim 2 wherein said plurality of elevations are
separated from one another by a centre-to-centre spacing distance Dy > Dy having a value
in the interval from greater than 1 to 500 micrometers.
4. The magnetic recording disk of claim 1 wherein said plurality of elevations are
separated from one another by a centre-to-centre spacing distance Ds > Dq4 having a value
in the interval from greater than 1 to 500 micrometers.
5. The magnetic recording disk of claim 1 wherein each said spaced-apart elevation
is separated from a nearest neighbouring spaced-apart elevation by a centre-to-centre
spacing distance D, substantially less than said maximum diametral dimension Dy,
whereby a plurality of said elevations merge with their neighbouring elevations to form a
substantially continuous ridge on said substrate surface.
6. A magnetic recording disk as claimed in claim 1 wherein each elevation is made

by at least one laser pulse which has an energy fluence level which is below a thermal
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shock energy fluence threshold level of the glass substrate so that each elevation is said
smoothly shaped dome and is free of said surface cracks and material ejection.

7. A magnetic recording disk as claimed in claim 3 wherein each elevation is made
by at least one laser pulse which has an energy fluence level which is below a thermal
shock energy fluence threshold level of the glass substrate so that each elevation is said
smoothly shaped dome and is free of said surface cracks and material ejection.

8. A Direct Access Storage Device (DASD) for reading and storing data, said DASD
comprising:

a magnetic recording disk having a layer of glass substrate material with a planar
substrate surface underlying an outer planar recording surface with a substrate recording
region and a substrate magnetic head contact start and stop (CSS) region of the substrate
surface underlying a disk recording region and a disk magnetic head contact start and stop
(CSS) region respectively of the recording surface;

a magnetic head and means for supporting said head in a selected orientation and
for generally radial controlled movement relative to said disk:;

both said substrate magnetic head CSS region and said disk magnetic head CSS
region having a plurality of regularly-spaced apart elevations, each said elevation having a
diametral dimension Dy in the interval from 1 to 100 micrometers and rising to a maximum
height hy < 100 nanometers above each of the substrate surface and the recording surface;
and

each elevation being a smoothly shaped dome and free of surface cracks and
material ejection.

9. The DASD of claim 8 wherein said maximum height hy is i the interval {from 3 to
40 nanometers.

10. The DASD of claim 9 wherein said plurality of elevations are separated from one
another by a centre-to-centre spacing distance D, > Dy having a value in the interval (rom
greater than 1 to 500 micrometers.

11. The DASD of claim 8 wherein said plurality of elevations are separated {rom onc
another by a centre-to-centre spacing distance Ds > Dy having a value in the interval from
greater than 1 to 500 micrometers.

12. The DASD of claim 8 wherein each said spaced-apart elevation is separated from

a nearest neighbouring spaced-apart elevation by a centre-to-centre spacing distance D,
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13. The DASD of claim 8 wherein each elevation is made by at least one laser pulse
which has an energy fluence level which is below a thermal shock energy fluence threshold
level of the glass substrate so that each elevation is said smoothly shaped dome and is free
of said surface cracks and material ejection.
14, The DASD of claim 10 wherein each elevation is made by at least one laser pulse
which has an energy fluence level which is below a thermal shock energy fluence threshold
level of the glass substrate so that each elevation is said smoothly shaped dome and is free
of said surface cracks and material ejection.
15. A magnetic disk comprising:
a glass substrate;
a magnetic layer;
the magnetic layer having a recording region and a magnetic head contact start
and stop (CSS) region overlying a substrate recording region and substrate magnetic head
contact start and stop (CSS) region respectively of the glass substrate;
the CSS region of the glass substrate having a plurality of spaced-apart dome-
shaped bumps which are smoothly shaped and free from surface cracks and material
gjection; and
each bump having been made by at least one laser pulse which has an energy
fluence which is below a thermal shock energy fluence threshold level of the glass
substrate so that each bump has said smooth shape and is free of said surface cracks and
material ejection.
16. A magnetic disk as claimed in claim 15 comprising:
a diametral dimension Dy of the bump being less than a bump spacing D; and
being in the interval 30 to 60 micrometers and a height hy of the bump being in the interval
3 to 100 nanometers.
17. A magnetic disk as claimed in claim 16 comprising:
the diametral dimensions D4 being substantially 60 micrometers and the height hy

being substantially 100 nanometers.
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18. A magnetic disk as claimed in claim 16 comprising:

the height hy being in the interval 3 to 40 nanometers.
19. A magnetic disk as claimed in claim 16 comprising:

the bump spacing Ds being substantially 100 micrometers and the bump diametral
dimensions Dy being substantially 30 micrometers.
20. A magnetic disk as claimed in claim 19 comprising:

the height hq being in the interval 3 to 40 nanometers.
21. A magnetic recording disk with reduced stiction comprising:

a glass substrate;

a magnetic layer covering said substrate and substantially replicating height
variations in the glass substrate;

the glass substrate having a plurality of spaced-apart dome-shaped bumps which
are smoothly shaped and free from surface cracks and material ejection; and

each bump having been made by at least one laser pulse which has an energy
fluence which is below a thermal shock energy fluence threshold level of the glass
substrate so that each bump has said smooth shape and is free of said surface cracks and
material ejection.
22. A magnetic recording disk as claimed in claim 21 including:

each bump having a height hy in the interval 1 to 150 nanometers.
23. A magnetic recording disk as claimed in claim 22 including:

each bump having a diametral dimension Dy in the interval 30 to 60 micrometers
and being less than a centre-to-centre bump spacing Ds.
24. A magnetic recording disk as claimed in claim 23 including:

a magnetic head recording region encompassing a portion of each of the substrate
and the magnetic layer and a magnetic head contact start and stop (CSS) region
encompassing another portion of each of the substrate and the magnetic layer: and

said bumps being located only in said CSS region.

25. A magnetic recording disk as claimed in claim 21 including:
each bump having a height hy in the interval 5 to 40 nm.
26. A magnetic recording disk as claimed in claim 25 including:

each bump having a diametral dimension Dy in the interval 30 to 60 micrometers

and being less than a bump spacing Ds.
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27. A magnetic recording disk as claimed in claim 26 including:

a magnetic head recording region encompassing a portion of each of the substrate
and the magnetic layer and a magnetic head contact start and stop (CSS) region
encompassing another portion of each of the substrate and the magnetic layer; and

said bumps being located only in said CSS region.

28. A magnetic recording disk as claimed in claim 26 wherein said bump spacing D
is from greater than I to 500 micrometers.
29. A magnetic recording disk as claimed in claim 28 including:

a magnetic head recording region encompassing a portion of each of the substrate
and the magnetic layer and a magnetic head contact start and stop” (CSS) region
encompassing another portion of each of the substrate and the magnetic layer: and

said bumps being located only in said CSS region.



